Objective-To investigate the prognostic value of echocardiographic findings in patients who present with symptoms suggestive of acute pulmonary embolism. Design-317 patients with clinically suspected pulmonary embolism were prospectively evaluated by echocardiography for the presence of right ventricular afterload stress and right heart or pulmonary artery thrombi. Objective confirmation of pulmonary embolism by lung scan or pulmonary angiography was obtained in 164 (52%). The presence of deep venous thrombosis was established in 90 of 158 patients (57%) who underwent phlebographic or Doppler sonographic studies. Results-Right ventricular afterload stress was diagnosed in 87 patients (27%). Objective confirmation of pulmonary embolism and diagnosis of deep venous thrombosis was more common in patients with right ventricular afterload stress than in those without (83% v 40% and 46% v 22%, respectively; P < 0.001). This was also true for the detection of thrombi in the right heart and major pulmonary arteries (12 patients v 1 patient; P < 0.001) as well as for the in-hospital mortality from venous thromboembolism (13% v 0 9%; P < 0.001). One year mortality from pulmonary embolism was 13% in patients with right ventricular afterload stress at presentation compared with 1-3% in those without (P < 0.001).
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Conclusions-The presence of right ventricular afterload stress detected by echocardiography is a major determinant of short term prognosis in patients with clinically suspected acute pulmonary embolism.
(Heart 1997;77:346-349) Keywords: pulmonary embolism; echocardiography; right ventricular afterload stress; prognosis Acute pulmonary embolism may be difficult to detect in routine clinical practice.' 2 Non-invasive procedures such as ventilation-perfusion lung scans cannot be performed at the bedside and may be associated with a disturbing degree of diagnostic uncertainty.3 On the other hand, right heart catheterisation with pulmonary angiography, generally accepted as the gold standard for diagnosis of pulmonary embolism, occasionally leads to life threatening bleeding complications in this era of thrombolytic treatment4-6 and may not be available on a 24 hour basis in many community hospitals.
Three major factors determine the clinical presentation and course of acute pulmonary embolism: the extent of pulmonary arterial embolic obstruction, the severity of pre-existing cardiopulmonary dysfunction, and the presence of peripheral venous thrombosis as a potential threat for recurrent thromboembolic events. 78 The interactions of these factors result in the development of pulmonary artery hypertension and right ventricular afterload stress,7 which can be reliably diagnosed by ultrasound imaging.9 It has been shown in previous reports that prognosis is poor when right ventricular afterload stress leads to clinically evident right heart failure (especially if accompanied by signs of cardiogenic shock).10 11 In these patients, inhospital mortality can be as high as 32%. 10 The aim of this prospective study was to test the hypothesis that echocardiographic detection of right ventricular afterload stress'2 13 in patients with clinically suspected acute pulmonary embolism may lead to early identification of a patient group at high risk of death or serious complications during the in-hospital phase.
Methods
During a 26 month period, 362 patients with clinical symptoms suggestive of pulmonary embolism were prospectively evaluated for the presence of pulmonary hypertension or right ventricular afterload stress, or both, as well as right sided thrombi as described previously. 4 Of these, 317 patients who had complete echocardiographic studies and no evidence of significant left ventricular or mitral valve disease comprised the study group. During the study period, a physician was on call 24 hours a day to perform an echocardiographic study in patients with clinically suspected pulmonary embolism. Whenever possible, the echocardiographic examination and interpretation were performed before a further diagnostic work up was initiated. The echocardiographic study was standardised using the apical, parastemal, subcostal, and suprastemal approaches. '2 A transoesophageal examination was done whenever the transthoracic examination was inconclusive. The afterload stress was made independently of other non-invasive or invasive measurements at the patient's bedside, when either the A criterion or two of the B criteria below were fulfilled.
"A" criterion-Dilatation of the right ventricular cavity (right ventricle appearing larger than the left ventricle) from the apical, subcostal, or transoesophageal four chamber view, or a right ventricular end diastolic diameter greater than 30 mm from the left precordial view at the level of the mitral valve apparatus.
"B" criteria-(1) tricuspid regurgitation jet velocity over 2-8 m/s as assessed by Doppler echocardiography or (2) over 2-5 m/s in the absence of inspiratory collapse of the inferior vena cava; (3) dilatation of the right pulmonary artery (> 12 mm/m2 body surface area) on the suprasternal echocardiogram12; (4) right ventricular wall thickness over 5 mm; (5) loss of inspiratory collapse of the inferior vena cava.
The study patients were classified as suffering from chronic right ventricular afterload stress when either of the following findings was present: (1) right ventricular wall thickness > 5 mm; or (2) tricuspid regurgitant jet velocity > 3-7 mls.
In case of difficulties in the interpretation of the echocardiographic findings a consensus was reached with a second observer.
Right sided pressures and cardiac output were measured by use of a balloon tipped thermodilution Swan-Ganz catheter. Pulmonary angiography was performed following injection of 30 to 40 ml of Urografin with flow rates of 10 to 15 ml/s in each pulmonary artery using a balloon tipped side hole catheter (Berman).
Ventilation lung scans were performed with 99mTc/jMAA aerosol inhalation followed by perfusion scan with intravenously injected 99mTc-DTPA in the anterior, posterior, and lateral projections. A normal or near normal lung scan was regarded as exclusion of pulmonary embolism. A high probability lung scan was defined as ventilation-perfusion mismatch of at least one lobar defect or multiple segmental defects.'5 A search for deep venous thrombosis was performed either by phlebography or duplex sonography.
After hospital discharge the study patients were followed up to one year by direct telephone contact or by means of a questionnaire mailed to the patient's physician.
STATISTICAL ANALYSIS
In the statistical description of the patients, 20 
MORTALITY AND RIGHT VENTRICULAR AFTERLOAD STRESS
In the present study we showed that, in patients with clinically suspected acute pulmonary embolism, in-hospital mortality and the rate of serious complications strongly correlated with the presence of right ventricular afterload stress detected by echocardiography. This association was even more pronounced when only death secondary to venous thromboembolism was considered. Patients who presented with acute right ventricular afterload stress did even worse: 12 of 51 patients died (23-5%), compared with four of 36 patients with chronic right ventricular afterload stress (11%). In addition, patients with echocardiographically detected right heart or pulmonary artery thrombi had an unfavourable in-hospital course, with death in six of 13 patients. The majority of the patients in the group with right ventricular afterload stress (32 of 37) received thrombolysis because of pulmonary embolism, as opposed to only one patient in group B.
On the other hand, patients without right ventricular afterload stress had a benign inhospital course, irrespective of whether pulmonary embolism was confirmed or excluded by further diagnostic work up. After hospital discharge, one year's clinical follow up revealed that only one patient in this group died of venous thromboembolism. Thus mortality from venous thromboembolism seems to be mainly determined by the acute haemodynamic consequences of pulmonary embolism.
ECHOCARDIOGRAPHY FOR SUSPECTED PULMONARY EMBOLISM
The approach in this study for patients with clinically suspected pulmonary embolism was different from that of previous series, 8 19 placing primary emphasis on the haemodynamic results of a clinically suspected pulmonary thromboembolic event. It has already been shown that the haemodynamic effects of pulmonary emboli can reliably be detected by the use of echocardiography.9 13 21 Furthermore, several other cardiovascular diseases which may be clinically confused with pulmonary embolism can be diagnosed or excluded by an echocardiographic examination. An additional advantage is the bedside availability of echocardiography, which makes it a safe procedure for critically ill patients or for those who cannot be easily transported.
Some limitations of echocardiography should be kept in mind, especially with respect to the diagnostic work up of patients with suspected pulmonary embolism. Some of the echocardiographic changes observed in patients with pulmonary embolism may also occur in other clinical situations such as right ventricular myocardial infarction,2223 sarcoidosis of the heart,24 congenital heart disease,25 or previous pulmonary disease. 26 
